It is shown that the set of equations known as "Maxwell's equations" perfectly describe two very different systems: (1) the usual electromagnetic phenomena in vacuum or in the matter and (2) the deformation of isotropic solid lattices, containing topological defects as dislocations and disclinations, in the case of constant and homogenous expansion. The analogy between these two physical systems is complete, as it is not restricted to one of the two Maxwell's equation couples in the vacuum, but generalized to the two equation couples as well as to the diverse phenomena of dielectric polarization and magnetization of matter, just as to the electrical charges and the electrical currents. The eulerian approach of the solid lattice developed here includes Maxwell's equations as a special case, since it stems from a tensor theory, which is reduced to a vector one by contraction on the tensor indices. Considering the tensor aspect of the eulerian solid lattice deformation theory, the analogy can be extended to other physical phenomena than electromagnetism, a point which is shortly discussed at the end of the paper.
-Introduction
To represent the deformation of solids, one generally uses Lagrange's coordinates to describe the evolution of the deformations, and diverse differential geometries to describe the topological defects contained in the solid.
The use of Lagrange's coordinates presents a number of inherent difficulties. From the mathematical point of view, the tensors describing the continuous solid deformation are always of order higher than one concerning the spatial derivatives of the displacement field components, which leads to a very complicated mathematical formalism when the solid presents strong distortions (deformations and rotations). To these mathematical difficulties are added physical difficulties when one has to introduce some known properties of solids. Indeed, the Lagrange's coordinates become practically unusable, for example when one has to describe the temporal evolution of the microscopic structure of a solid lattice (phase transitions) and of its structural defects (point defects, dislocations, disclinations, boundaries, etc.), or when it is necessary to introduce some physical properties of the medium (thermal, electrical, magnetic or chemical properties) leading to scalar, vector or tensor fields in the real space.
The use of differential geometries in order to introduce topological defects as dislocations in a deformable continuous medium has been initiated by the work of Nye [1] (1953) , who showed for the first time the link between the dislocation density tensor and the lattice curvature. On the other hand, Kondo [2] and Bilby [3] (1954) showed independently that the dislocations can be identified as a crystalline version of the Cartan's concept [4] of torsion of a continuum. This approach was generalized in details by Kröner [5] (1960) . However, the use of differential geometries in order to describe the deformable media leads very quickly to difficulties similar to those of the Lagrange's coordinates system. A first difficulty arises from the complexity of the mathematical formalism, which is similar to the formalism of general relativity, what makes very difficult to handle and to interpret the obtained general field equations. A second difficulty arises with the differential geometries when one has to introduce topological defects other than dislocations. For example, Kröner [6] (1980) has proposed that the existence of extrinsic point defects could be considered as extra-matter and introduced in the same manner that matter in general relativity under the form of Einstein equations, which would lead to a pure Riemann's's differential geometry in the absence of dislocations. He has also proposed that the intrinsic point defects (vacancies and interstitials) could be approached as a non-metric part of an affine connection. Finally, he has also envisaged introducing other topological defects, as disclinations for example, by using higher order geometries much more complex, as Finsler or Kawaguchi geometries. In fact, the introduction of differential geometries implies generally a heavy mathematical artillery (metric tensor and Christoffel's symbols) in order to describe the spatiotemporal evolution in infinitesimal local frames, as shown for example in the mathematical theory of dislocations of Zorawski [7] (1967).
In view of the complexity of calculations in the case of Lagrange's coordinates as well as in the case of differential geometries, a much simpler approach of deformable solids, but at least equally rigorous, has been developed on the basis of the Euler's coordinates [8] .
Regarding the description of defects (topological singularities), which can appear within a solid, as dislocations and disclinations, it is a domain of physics initiated principally by the idea of macroscopic defects of Volterra [9] (1907) . This domain experienced a rapid development during the twentieth century, as well illustrated by Hirth [10] (1985) . The lattice dislocation theory started up in 1934, when Orowan [11] , Polanyi [12] and Taylor [13] published independently papers describing the edge dislocation. In 1939, Burgers [14] described the screw and mixed dislocations. And finally in 1956, Hirsch, Horne et Whelan [15] and Bollmann [16] observed independently dislocations in metals by using electronic microscopes. Concerning the disclinations, it is in 1904 that Lehmann [17] observed them in molecular crystals, and in 1922 that Friedel [18] gave them a physical explanation. From the second part of the century, the physics of lattice defects has grown considerably.
In the theory of solid lattice deformation in Euler's coordinates [8] , the dislocations and the disclinations can be approached by introducing intuitively the concept of dislocation charges, by using the famous Volterra pipes [19] The rigorous formulation of the charge concept [8] in the solid lattices makes the essential originality of this approach of the topological singularities. The detailed development of this con-cept leads to the appearance of tensor charges of first order, the dislocation charges, associated with the plastic distortions of the solid (plastic deformations and rotations), and of tensor charges of second order, the disclination charges, associated with the plastic contortions of the solid (plastic flexions and torsions). It appears that these topological singularities are quantified in a solid lattice and that they have to appear as strings (thin tubes), which can be modelized as unidimensional lines of dislocation or disclination, with linear charges The concept of dislocation and disclination charges allows one to find rigorously the main results obtained by the classical dislocation theory. But it allows above all to define a tensor density ! λ i of dislocation charges, from which one deduces a scalar density λ of rotation charges, which is associated with the screw part of the dislocations, and a vector density ! λ of flexion charges, which is associated with the edge part of the dislocations. On the other hand, the description of the dislocations in the Euler's coordinates by the concept of dislocation charges allows one to treat exactly the evolution of the charges and the deformations of the solid lattice during any kind of volume contractions or expansions, independently if it is small or strong.
As will be shown, such an eulerian approach of the solid lattices allows one to find a perfect and complete analogy between the non-divergent deformation of an isotropic solid lattice and the
Maxwell's equations of electromagnetism.
-Description of the solid lattice deformations in Euler's coordinates
In Euler's coordinates, the solid distortions (local deformations and rotations) can be completely described by a second order tensor of distortion β ij [8] , which can be represented for convenience as a field of 3 vectors
This tensor is defined as the gradient tensor of the velocity field φ ! ( ! r,t) of the solid lattice in the Euler's coordinates (that is, the velocity of the lattice, seen as a continuum, at a given point and given time), using the following geometro-kinetic equation 
and which is related to the local source S n of lattice sites, and to the divergence of the velocity field φ ! ( ! r,t) . The expansion τ depends on the local density n = n( ! r,t) of lattice sites and on the local volume of one lattice
In this way, the volume expansion τ is null when there is neither expansion nor contraction of the lattice ( n = n 0 , v = v 0 ), and becomes positive or negative if there is respectively an expan- From this diagram, one deduces that the distortions (deformations and local rotations) of a solid lattice is completely described by giving either
This last description can be illustrated as in figure 3 .
If the topological fields of distortion 
The relations between the flows and densities of charges inside the lattice can be written
in which ! v represents the velocity of the charges with regard to the lattice.
If there is no creation or annihilation of charges inside the lattice, the conservation equations for
the charges can be written
-Eulerian continuity equation for the energy of a solid lattice
The total energy E contained in a volume V m of solid is equal to the integral on this volume of the sum of the kinetic energy density T cin and the internal energy density U , which is to say
According to the first principle of thermodynamics, this energy is a conserved quantity inside an isolated volume V m . So any variation in said energy can only be due to external influences coming from outside the volume V m , translating the fact that this volume is in fact non-isolated. The principle of conservation of energy in a given volume V m can be written as the equality of the temporal derivation of total energy contained in said volume V m and the different contribu-tions to the volume, which comprises the work volume sources we just discussed and the passthrough contributions, which necessarily cross the boundary surface
Using the theorem of divergence and the derivation of the integral on the volume V m mobile with the lattice, this equation can be transformed into the following one
which, under local form, gives
It is judicious to transform this equation, which contains volume densities T cin and U , by introducing the measures e cin and u , defined respectively as the average kinetic energy and the average internal energy, defined per elementary site of the lattice e cin = T cin / n and u = U / n (13) Thanks to these definitions, one obtains the final formulation of the first principle, or principle of continuity of energy in Euler's coordinates, in its local form
-Newton's equation of a perfect solid lattice
For the simplest solid lattice, which will be called the perfect solid, with a newtonian inertial mass m per site, the kinetic energy per site is given by
And for a perfect isotropic solid lattice, the elastic deformation part U def of the internal energy per volume unit of the lattice could depend linearly on the volume expansion field τ , quadratically on the volume expansion field τ , on the rotation field ! ω and on the shear elastic strain
so that the internal energy per site u can be written, introducing the thermal part u th which is a function of the entropy s per site
One can then express the derivative term of this energy 
With these state equations, relation (14) can be rewritten as (20) With respect to the source of work S w ext due to a field of external forces, it can be calculated if we know the nature of the field force. For example, if we suppose that the solid lattice is in a constant gravity field ! g , we will have
One can also introduce in (20) the average linear momentum ! p per site of the solid lattice as ! p = m ! φ (22) And using the fact that the shear strain ! s i is a transverse symmetrical tensor (transverse means with a null trace), one has
so that (20) can be written
Introducing now the geometro-kinetic equations (2), (3) and (5) in this relation, one obtains finally, after some transformations
The only way to always satisfy this equation is that the three following equations are still indi-
The first equation ( In the heat equation (26c), the term
∑ − pS n / n is in fact the power P ch supplied to the dislocation charges by the stress fields. In this power term, it is possible to replace the flows ! J i and ! J and the source S n / n by their expressions as a function of the velocity ! v of the charges using relations (7) . One obtains after some transformations an expression of P ch containing the charge densities ! λ k , ! λ and λ
The power P ch given to the charges is thus the product of a velocity by a term that is the force ! f PK acting by volume unit on the charge densities The equation of Newton (26a) can be written using the state functions (19) , and also the facts
One obtains then the following version of the Newton's equation
But it is still possible to find another formulation of the Newton's equation by using the equations giving the vector of flexion ! χ of the solid lattice
which allows one to connect the space derivatives of the distortion tensors
so that the Newton's equation of the solid lattice becomes, if we neglect now the gravitation acceleration (
It is remarkable here that the average linear momentum 
-Maxwell's equations at constant and homogeneous volume expansion
Suppose now that the deformation of the perfect solid lattice occurs at constant and homogeneous volume expansion, so that 
which allows one to write the Newton's equation, as n = cste , in the form
One supposes also that only charges with symmetrical tensor of densities ! λ i exist, which means that all the dislocations are screw dislocations, so that the scalar densities λ exist in this lattice, but not vector densities ! λ Hypothesis 2:
In this case, the relations (7) and (8) for the charges inside the lattice can be summarized by
It is clear, from equations (3), (34) and (39), that the constancy of the expansion leads to
All the equations necessary to describe the deformation of the lattice in this case are -the geometro-kinetic equation and the compatibility equation of the rotations
-the Newton's equation and the non-divergence of the linear momentum
-the generalized elastic state equation and the relation giving the linear momentum
-the continuity equation for the scalar density of rotation charges 
One can also suppose that the lattice contains some point defects, vacancies and interstitials, with constant and homogeneous concentrations
Hypothesis 4:
C L = n L / n = cste and C I = n I / n = cste (45) In this case, one can define an average effective mass m ' of the lattice sites The average linear momentum ! p per site of the lattice becomes in this case
It is easy to prove that this momentum is non-divergent, because the expansion of the lattice is constant and homogeneous, such as div ! φ rot = 0 , and the mass transportation by diffusion is related to non-divergent flows by hypothesis 5
These relations allow one to change the couple of the elastic state equation and of the expression of the linear momentum, without modifying the other equations of the solid lattice
We can still establish a continuity equation for the energy from equations (40) and (41)
It is also easy to show that the transversal waves of rotation and shear strain presents a propagation celerity given by
One can then write all the equations allowing to describe the deformation of this perfect elastic, anelastic and self-diffusive solid lattice at constant and homogeneous volume expansion, as shown in 
-The analogy between the solid lattice non-divergent deformations and the Maxwell's equations of electromagnetism
The analogy between the equations of the isotropic solid lattice deformations taken at constant and homogeneous volume expansion and the Maxwell's equations of electromagnetism is remarkable, because it is absolutely complete, as clearly shown by the equations given in table 1:
-analogy between density of rotation charges and density of electrical charges: the equations of table 1 show a complete analogy between the scalar density λ of rotation charges and the density ρ of electric charges, as well as between the vector flow ! J of rotation charges and the density of electric current ! j .
-analogy between anelasticity of the lattice and dielectric properties of matter: the phenomenon of anelasticity introduced here by the term ! ω an becomes, in comparison with Maxwell's equations of electromagnetism, analogous to the dielectric polarization in the relationship 
As an example we can imagine a hypothetical lattice in which the vacancies are tightly anchored to the lattice (friction coefficient B L → ∞ ), while the interstitials are free to move (friction coefficient B I = 0 ). In this case, one can simply write
As a consequence, the quantity of movement n ! p rot within the lattice can be written 
-Conceivable generalization of the analogy between the eulerian theory of lattice deformation and other modern physics theories
The existence of a similarity or an analogy between two theories is always a very fruitful and successful thing in physics by the reciprocal contribution of one theory to the other.
It is clear that the analogy with the electromagnetic field theory will enable the use of the theoretical tools developed in field theory, such as the Lorentz transformation or the delayed potential theory for example. In the other direction, the theory of non-divergent deformation developed here presents some aspects, which can be discussed in the frame of the analogy with electromagnetism: 
in which κ would be a new electric coefficient, analogous to the modulus 2K 2 2K 2 ⇔ κ
In the static case, if such a vector charge did in fact exist, the equation containing it would be written as
so that the density ! ρ of «vector electric charges» would be the source of a rotational electric field ! E and a rotational electric field of displacement ! D , just as the scalar density ρ of electric charges is the source of a divergent electric field of displacement
If we now compare the coefficients of both theories we obtain the following analogies
However the experimental observations of electromagnetism have never shown the existence of such "vector electric charges". Indeed, two reasons can be invoked to explain this state of affairs: 1) the "vector electric charges" simply do NOT exist, which would mean in the case of the analogy with the lattice deformation that the edge dislocations do not exist (
2) the coefficient ε 0 κ is null, or very small, so that we do not observe the presence of these «vector electric charges»
which would mean in the case of the analogy with the lattice deformation that the energy of deformation by shear strains is null ( K 2 = 0 ), or much more smaller than the energy of deformation by local rotations ( K 2 << K 3 ).
-on the generalization of the analogy to other modern physics theories: the theory of solid lattice deformation developed here in Euler's coordinates is actually a much more complex theory than the classical electromagnetism, since it stems from a tensor theory, which can be reduced to a vector theory by contraction on the tensor indices. Considering the tensor aspect of solid lattice deformation theory, and by relaxing the more restrictive hypothesis (the nondivergent deformations), the analogy could become particularly interesting and fruitful [22, 23] .
For instance, it is shown in [8] that it is possible to calculate the resting energy E 0 of the dislocations, which corresponds to the elastic energy stored in the lattice by their presence and to their kinetic energy E cin , meaning the kinetic energy of the lattice particles mobilized by their movement. This allows to assign to the dislocations a virtual inertial mass M 0 which satisfies relations similar to the equation E 0 = M 0 c is a direct consequence of the purely classical newtonian dynamics of the elastic lattice in the absolute frame of the external observer. And this means also that Lorentz transformations and the rules of special relativity are not an exclusive property of electromagnetic fields and charges, but a behavior that can appears in different physical systems.
It also appears in the theory developed in [8, 22] that the tensor aspect of the distortion fields at short distances of a localized topological singularities cluster formed by one or more dislocation or disclination loops can be neglected at great distances of the cluster, because the distortion fields can then be completely described by only two vector fields, the vector field of rotation by torsion and the vector field of curvature by flexion, associated respectively to the only two scalar charges of the cluster, its scalar rotation charge Q λ and its scalar curvature charge Q θ
For example, a linear string of dislocation or disclination can be closed on itself, forming a loop inside the lattice [8] . It appears two very interesting cases of such loops, presenting pure scalar rotation charge or pure scalar curvature charge:
-the twist disclination loop, bordered by a pseudo-screw dislocation, which corresponds to a pure localized rotation charge q λ ,
-the prismatic dislocation loop, bordered by an edge dislocation, which corresponds to a pure localized curvature charge q θ . The rotation charge q λ of a twist disclination loop becomes the perfect analogue of an electric charge in the Maxwell's equations, as for example the electron.
Concerning the curvature charge q θ of a prismatic dislocation loop, it has without doubt a role to play in an analogy with the gravitation theory [22, 23] , even if such a charge does not exist in the modern physics theories as gravitation, quantum physics or particles physics.
Consider for example a solid lattice presenting strong spatial and time variations of its expansion τ . In this case, the equations of table 1 are no more usable as they are deduced in the special case of constant and homogeneous expansion of the lattice, and one has to use the complete Newton's equation (32) in order to describe the dynamics of the lattice. The Newton's equation (32) can be combined with the expression of the curvature vector
the lattice, and one can write the following equation
